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Cylindrical single-mode reactors via measured dielectric properties
Nowadays microwave dielectric heating can be viewed as a tool for sustainable green chemistry, being a very promising procedure, which has been used successfully in several branches of chemistry. 1 Microwave energy consists of electromagnetic radiation in the frequency range 0.3 to 300 GHz whose electrical field interacts with ions and molecular dipole moments generating heating by friction. Conventional heating of thick materials is a slow process relying on heat conduction from the outer layers towards the interior. On the contrary, high frequency electromagnetic waves are efficiently transferred to the material and MW energy is absorbed throughout the volume of the sample. When plant is heated via microwaves, the water inside the cells reaches the boiling point, generating steam by raising the gas pressure and subsequent generation of high pressure in the cell wall of the oil gland.
The generated internal pressure reaches values such that the wall of the oil gland cell breaks down. This process greatly facilitates the release or leaching of the essential oil from the plant material into the surrounding solvent (water). If the plant material is soaked in polar solvents as water, the process can be greatly optimized. The high temperature of the cell wall of the plant can improve the dehydration process of the cellulose and decrease the resistance of the cell wall to the solvent inlet, which can thus easily penetrate the cell. In most cases, the plant material is soaked into single solvent or a mixture of solvents having high dielectric loss in order to strongly absorb the MW energy. Only in some special cases the plant material must be soaked into solvents which are transparent to microwave, mainly when the crude extract  imaginary part of the relative permittivity that accounts for the dielectric relaxation process. [1] [2] [3] [4] [5] In continuous media, electromagnetic energy dissipation occurs mainly by the mechanisms of ionic conduction and dipolar rotation. Inter-and intra-molecular frictions are created by the interaction of ions and dipoles with the oscillating electrical field generating heat throughout the volume of the material. An important parameter in describing the dielectric response of S3 materials to the applied MW is the loss tangent, which is defined by . 
  
evaluate approximately the electrical field, it is necessary to consider the average electromagnetic power, ( ), dissipated by the medium. By employing Maxwell´s P W equations, the power can be obtained as, 3, 4 , 
Equation 4 tells us that the relationship between cavity radius and dielectric sample radius depends crucially on dielectric properties of the sample (Teflon is a transparent to MW).
Therefore, the knowledge the dielectric properties of the sample (by measurement) make it possible, for a given cavity radius, to obtain the allowed value of the sample radius´s by the 
As The system has a directional coupler/water load (National Electronics D0937) (C Fig. S2 ), power sensor (Alter RD8400) (D Fig. S2 ), and waveguide tuner (Alter AG340M3) (E Fig. S2 ), and the S7 entire system is controlled by Front Panel 500 software. In the superior flange of single mode reactor, it was adapted a mechanical stirrer with a Teflon paddle and a connector to adapt three different systems to remove water and essential oil in vapor phase. The first is a Clevenger apparatus (F A Fig. S2 ), the second is a straight condenser (F B Fig. S2 ) and the third is a trapping (F C Fig. S2 ). Three different approaches were used to condensate the vapor phase, a thermostatically controlled bath (Tecnal TE 184 model), a Chiller (PolyScience N0772046) and a Dewar flask with liquid nitrogen. In the Clevenger apparatus the condensate water returns to the cavity, but in the other two systems the water is continuously removed from the reactor.
Connectors were adapted in both reactors to insert thermal sensors comprised of optic fibers. The temperature in the liquid phase is measured by a Neoptix optic fiber thermometer (model Reflex RFX 378A). In the experiments the energy consumption measurements were performed with a Fluke 434 power quality analyzer. Analysis of the component mixtures was performed with a GC-MS Shimadzu QP 5050A with automatic injector AOC-5000. Eucal yptus sp.
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Log f (GHz) Table S2 . Dielectric behavior of plants with addition of water (1:1) as function of temperature at 0.915 GHz and 2.45GHz. 
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